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Abstract 
In order to reduce and avoid traffic jam or secondary accidents caused by traffic accidents, a finite element model of 
traffic flow is established using weighted residual method based on the fluid dynamics theory of traffic flow. An 
accident section is simulated by ANSYS-FLOTRAN, and the traffic flow parameters are analyzed, which is 
significant for the traffic management after the accident. 
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1. Introduction
With the development of traffic transportation industry, the traffic accident is rising constantly, which
has been already restricting the development of the national economy and people's lives and property 
security seriously. The harm of traffic accidents has become a stumbling-block to the progress of human 
civilization. Reducing and preventing traffic accidents, together with decreasing accident loss and 
improving traffic safety conditions have become the urgent needs of the whole society. In order to 
achieve the goal, it is not enough only to build the road infrastructure, but also need scientific traffic 
management [1]. After traffic accident, the traffic management should be carried on timely, the traffic jam 
should be dredged and the corresponding measures should be drawn up, in order to avoid secondary 
accident and improve the security of the road. Relevant research confirmed that the traffic flow is the key 
factor in traffic accident, and effective control of traffic flow condition is one of basic way to reduce the 
accidents rate [2]. It is very essential to simulate the traffic flow condition using software for traffic 
management after the accident. 
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Urban road traffic flow can be divided into continuous and discontinuous flow. In urban road traffic 
network, the traffic flow presents continuity fluid state in the arterial road where the signal lamp is not set 
and not be influenced by regional cross road. Contrary, the traffic flow demonstrates the discontinuity 
fluid state [3].
On an one-way road, the traffic flow will appear serious crowded and congestion if the traffic flow is 
in the continuity fluid state when the traffic accident take place due to the lack of the crossing signal lamp. 
If the traffic flow is in the discontinuous fluid state, it will be easy to dredge because of the control of the 
crossing signal lamp compared with continuous flow state. Therefore, only the first kind of traffic flow 
state is investigated in the study.  
2. Model and method 
Based on the fluid mechanics simulation theory, a traffic flow can be dispersed using finite element 
method. A vehicle element is defined as the car and its safety distance around transport facilities. Nodes 
are applied and numbered to connect elements, which is shown in Fig. 1. In various complicated factors 
of traffic environments, every vehicle element should follow the rule which the actual vehicle follows. 
Fig.1 Vehicle elements of vehicle flow 
The weighted residual method is applied to establish the discrete equations of the vehicle element in 
the following steps. 
2.1. Construction of interpolation function  
According to the calculate idea of finite element method, the interpolation function is set up to 
approximately describe the variation of the two-dimensional velocity u and v of the traffic flow as well as 
the traffic pressure p in the element, with the following relationships: 
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Where [N] is the shape function of the element, while ui, vi and pi are, respectively, the node two-
dimensional velocity and traffic pressure. 
2.2. Selection of element type 
The trial function should be consistent with the weight function (here is the shape function) based on 
the Galerkin weighted residual idea. However, the traffic flow is nonlinear, if the velocity interpolation 
function is chosen the same order function as the traffic pressure, the stiffness matrix will perform 
"pathological" and result in the difficulty to carry on the equations, which is called excessive constraint 
problems in finite element theory [4]. Therefore, the speed interpolation function is set a high order 
compared with the traffic pressure interpolation function in the study. The isoparametric quadrilateral 
element is used in the local coordinate system, and four nodes grid system is used to describe the traffic 
pressure, while eight nodes grid system is used to describe the velocity, as shown in Fig. 2. 
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Fig.2 (a) Grid system of traffic pressure (b) grid system of velocity 
2.3. Structure of element stiffness matrix 
The element shape function of the grid system of traffic pressure is given by 
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The element shape function of the grid system of velocity is expressed as follows: 
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The following formulae are tenable in every element after being dispersed: 
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Eq. (4) is simplified as follows: 
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Eq. (5) is simplified as follows: 
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The stiffness equation of traffic flow which is deduced by the weighted residual method in Eq.(10). 
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The element stiffness matrix of traffic flow is obtained as follow: 
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The overall stiffness equation is    [ ]K F  , which is the mathematical model of traffic flow solving 
by the finite element method. 
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2.4. Engineering application 
A vehicle flow is running from west to east normally on the original single width of two lanes. Once 
the traffic accident occurs, one of the lanes is obstructed, only the other one is left to pass through. The 
sketch of the traffic accident is shown in Fig. 3. 
After the traffic control is carried on the lane, it is essential to stipulate the rational vehicle velocity for 
the accident site management and avoiding the occurrence of secondary accident. The results are analyzed 
under a certain speed conditions using ANSYS-FLOTRAN. 
The vehicle flow velocity in the west entrance is 10m/s, and the width of each lane is 3.75m. The 
velocity in vertical inlet direction is 0m/s, and the vehicle flow dynamic viscosity is 10. The velocity 
boundary condition is that the velocities of upper and lower lanes both are 0m/s. The pressure boundary 
condition is that relative pressure in the east exit is 0. Quadrilateral element of 2D FLOTRAN 141 is used 
and the mapped meshing is applied. The meshing result is shown in Fig. 4. The calculation iterated times 
is 20. 
Fig. 3 Sketch of traffic accident Fig.4 Meshed finite element model
3. Results and discussion 
Fig.5 shows the velocity vector diagram of the traffic flow. The vector arrows are superimposed 
seriously in accident section which indicates that the traffic pressure here increased obviously. The traffic 
flow tended to be smooth after through the accident road with a period of distance. 
The velocity contour diagram of the traffic flow is shown in Fig.6. It shows that the traffic flow 
velocity changed because of the accident. Before the vehicle arriving the accident section, traffic flow 
velocity decreased gradually, after the vehicle passed through the accident section, the traffic flow 
velocity returned to normal. There is a pale yellow area in the west entrance which indicates that the 
velocity here is larger than both directions obviously. Therefore, it is a dangerous area before the section 
of the accident. In order to avoid the occurrence of the secondary accidents, some warning signals should 
be set here to warning the driver that there is a traffic accident on the road ahead and slow down. There 
are two obviously speed reduce areas on both directions of the road accident section, which is completely 
in accordance with the actual situation. The traffic flow on the blocked lane formed merging with that on 
the unimpeded lane. Before merging, the velocity of traffic flow on the blocked lane decreased. After 
passing through the accident section, its velocity increased gradually due to the shunt of the traffic flow, 
and reached a plateau finally. 
The traffic flow pressure vector diagram is shown in Fig.7. It shows that the traffic pressure declined 
from west to east, and the traffic pressure in the upstream of the accident section is obviously higher than 
its downstream, which leads to traffic jams in the upstream. After the vehicle passed through the accident 
section with a certain distance, the traffic pressure became smaller than before, which indicated that the 
velocity of the traffic flow increased in this section. 
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Fig.5 Velocity vector diagram of 
traffic flow 
Fig.6 Velocity contour diagram of traffic 
flow
Fig.7 Pressure contour diagram of traffic 
flow
The above analysis reveals that the traffic flow ran normally in a continuous flow condition before the 
accident happened. However, after the traffic accident happened, the traffic flow began to gather due to 
the breakpoint of one of the lanes and resulted in the heavy traffic. After only just passing through the 
accident section, the traffic flow is discontinuous, so the utilization rate of the lanes in this section is low. 
In the downstream of the traffic accident, the traffic flow began to dissipate and turned to be normal 
gradually, which is completely in accordance with the actual situation. That means the variation of the 
velocity and pressure of the traffic flow could be simulated and analyzed using ANSYS-FLOTRAN when 
the road traffic accident happened, and the simulation results are true and reliable. 
4. Conclusion 
In the study, the finite element model of the traffic flow is established based on the weighted residual 
method and the model is applied to analyze the variation of the velocity and pressure of the traffic flow 
after an traffic accident using ANSYS-FLOTRAN. The results show that the simulation outcomes are 
completely in accordance with the actual situation. Therefore, ANSYS-FLOTRAN could be applied to 
study the parameters variation of the traffic flow in order to improve the solution efficiency and precision. 
Nevertheless, only the road section accident is analyzed in the study, while the intersection accident will 
be investigated in future studies. 
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